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S3. HPLC-ESI-MS/MS method for the quantification of glucose and gluconic acid
Another goal of the present work was to develop an analytical methodology combining the advantages of UHPLC-MS/MS with ESI tandem MS triple quadrupole for the rapid and reliable determination of glucose and gluconic acid in the tested catalytic runs. The applicability of the method and its high-throughput characteristics were demonstrated to obtain detailed reaction profiles and to optimize reaction conditions. We initially adapted previous analytical methods for the determination of glucose i and gluconic acid ii in different commodities by HPLC-ESI-MS/MS.
S3.1. Preparation of the calibration standards
Glucose and gluconic acid (50%wt) were purchased from Alfa Aesar (Madrid, Spain). Standard stock solution containing both compounds were freshly prepared at 1000 mg/L in water:methanol (50:50). Intermediate solution (50 mg/L) was prepared by dilution of the stock solution 20-fold with water:methanol (95:5), and was used for preparation of the aqueous calibration standards and for spiking samples in the matrix effect study. HPLC-grade methanol (MeOH), formic acid (HCOOH, content >98%) were purchased from Scharlab (Barcelona, Spain). HPLC grade water was obtained from distilled water passed through a Milli-Q water purification system (Millipore, Bedford, MA, USA).
S3.2. Instrumentation, MS/MS optimization and chromatography
A Waters Acquity UPLC system was interfaced to a triple quadrupole mass spectrometer Xevo TQS (Waters) equipped with an orthogonal Z-spray electrospray ionization interface (ESI). Cone gas as well as desolvation gas was nitrogen set up 250 L/h and 1200 L/h, respectively. For operation in the MS/MS mode, collision gas was argon at 0.15 mL/min producing a pressure of 4 x 10 -3 mbar in the collision cell. Other optimized parameters were: capillary voltages 2.0 kV (ESI-); source temperature 150 °C and desolvation temperature 650 °C; dwell time 50 ms. Fullscan and MS/MS spectra of the analytes were obtained from the infusion of individual 1 mg/L water:methanol (95:5) solutions of each compound at a flow rate of 20 μL min -1 using a syringe pump. Like previous reports for the determination of glucose i and gluconic acid ii by HPLC-ESI-MS/MS, both analytes were conveniently analysed by ESI ionization in the negative mode. Fullscan mass spectra displayed in both cases the [M -H] -ion as the base peak and were acquired in order to obtain the optimum cone voltage. Furthermore, product ion scan at different collision energies was carried out to determine the most abundant product ion for each compound for quantification purposes. Applied cone voltages and collision energies for glucose and gluconic acid are summarized in Table S1 . The most abundant was used for quantification (Q) whereas the other transition was acquired for confirmation (q) by the comparison of the ion ratios of the two transitions (quantification and confirmation), with those obtained using standards. All data were acquired and processed using MassLynx and TargetLynx v 4.1 software (Waters). Chromatography separation was performed using an Acquity UPLC HSS T3 1.8 μm particle size analytical column 2.1 x 100 mm (Waters). The mobile phases used were A = H 2 O with 0.01% HCOOH and B = MeOH. The percentage of organic modifier (B) was kept constant for 3 minutes and then changed linearly as follows: 5 to 45 % from minute 3 to 5; 45% 6 min.; 45 to 5 % from minute 6 to 6.5 and remained constant until the time reached 8 min. The flow rate was 0.3 mL/min. The column was kept at 40 °C. The sample injection volume was 10 μL. At these conditions glucose and gluconic were eluted at 0.81 and 0.86 minutes, respectively. The linearity of the method was studied by analyzing standard solutions based on absolute responses in triplicate at 5 concentrations, in the range from 10 to 500 µg/L. Satisfactory linearity was obtained as judged by the correlation coefficient (r) higher than 0.99. Illustrative traces are shown in figure S1 . Figure S1 . MRM chromatograms of 0.5 mg/L standards of glucose and gluconic acid.
S3.3. Study of matrix effects
The presence of matrix components can affect the ionization of the target compounds, reducing or enhancing the response compared with the pure compounds dissolved in solvents. In the present case, different additives (H 2 SO 4 , HCl or NaOH) and catalyst loadings were used in the catalytic experiments and we investigate potential matrix effects in the determination of glucose and gluconic acid. Solutions containing additives and catalyst at catalytic conditions were spiked at different concentration levels with glucose and gluconic acid and the recoveries were analyzed. We found that the most critical factor to achieve satisfactory recoveries was the dilution step of the crude reaction. iii For example, aliquots of 250 L were taken from the reaction mixture (spiked at the working amount of substrates, namely 4000 mg/L) and were diluted from 4000 to 8000, (that results in solutions from 1 mg/L to 0.5 mg/L). The HPLC-MS-MS analysis of samples 4000-fold diluted displayed ion suppression effects as evidenced by the poor match between peak areas of spiked solutions and standards, in the absence of matrix, at the same concentration. Ion suppression was reduced by a performing a 8000-fold dilution of the crude samples. Under these conditions reproducible chromatography and detection limits ranging from 10 to 500 µg/L for both compounds were obtained. Both glucose and gluconic acid were quantified by external calibration using absolute responses as matrix effects in the spiked samples tested were not much relevant.
S3.4. Sample preparation
We aimed to create a robust method that comprise taking small aliquots of the crude reaction, diluting and injecting into the HPLC-MS system, the so called dilute-and-shoot procedure. When using a dilute-and-shoot approach, great care must be taken to ensure that matrix effects are minimized. We found that a previous dilution step of the crude reaction is crucial to overcome matrix effects, as described in the previous section. Hence, aliquots of 250 L were taken at different time intervals from the reaction mixture (the initial amount of glucose was 4000 mg/L) and were 8000 fold diluted. These aqueous samples were filtered using a 0.22-μm membrane syringe filter (Agilent, USA) and 10 L were directly injected into the UPLC-MS/MS system by triplicate. Standard deviations in samples were below 15 % for glucose and 8 % for gluconic acid. 
S3.5. References

S5. Electrospray Ionization Mass Spectrometry (ESI-MS) and Collision Induced Dissociation (CID) experiments.
ESI-MS studies were conducted on a QTOF Premier instrument with an orthogonal Z-sprayelectrospray interface (Waters, Manchester, UK) operating in the W-mode at a resolution of ca. 15000 (FWHM). The drying and cone gas was nitrogen set to flow rates of 300 and 30 L/h, respectively. A capillary voltage of 3.5 kV was used in the positive ESI(+) scan mode. The cone voltage was adjusted to a low value (typically Uc = 5−15 V) to control the extent of fragmentation in the source region. Chemical identification of the Ir-containing species was facilitated by the characteristic isotopic pattern at natural abundance of Ir and it was carried out by comparison of the isotope experimental and theoretical patterns using the MassLynx 4.1. For CID experiments, the cations of interest were mass-selected using the first quadrupole (Q1) and interacted with argon in the T-wave collision cell at variable collision energies (E laboratory = 3 -15 eV). The ionic products of fragmentation were analyzed with the time-of-flight analyzer. The isolation width was 1Da and the most abundant isotopomer was mass-selected in the first quadrupole analyzer. 
S7.1 Computational details
Quantum mechanical calculations were performed with the Gaussian09 package 1 at the DFT/M06 level of theory. 2 SDD basis set and its corresponding effective core potentials (ECPs) were used to describe the Iridium atom. 3 An additional set of f-type functions was also added. 4 Carbon, nitrogen, oxygen and hydrogen atoms were described with a 6-31G** basis set. 5, 6 The open-chain form of D-glucose molecule has been modelled as R-2-hydroxypropanal. DFT studies have been complemented by calculations based on L-glucose and S-2-hydroxypropanal. All structures were freely optimized in water solution (ε = 78.3553) by using the SMD continuum solvation model. 7 Frequency calculations have been performed in order to determine the nature of the stationary points found (no imaginary frequencies for minima, only one imaginary frequency for transition states). A selection of DFT optimized geometries relevant for the discussion is included as an independent file entitled DFT-structures.xyz, which can be downloaded from the supplementary material section.
S7.2 Computational considerations
In order to obtain accurate reaction profiles one of the technical difficulties comes from the use of water as solvent and reagent in the catalytic reaction. This means that, whereas bringing one glucose molecule and one Iridium complex close together has an entropic cost to be computed, water is surrounding all of these molecules and therefore the processes in which a water molecule is participating has no entropic expense associated. Thus, in order to obtain reliable theoretical data, we have included two additional water molecules in the optimization of the different structures. This approach avoids the computation of entropic terms associated to the participation of water molecules in the different reaction steps.
The precise localization of TS1 is not straightforward, most probably due to the high number of freedom degrees present in the structure. As an alternative, a freeze-optimization-scan strategy has been performed. In this approach, the H-O distance was elongated in subsequent 0.05 Å steps and the structures were optimized using this geometrical restriction ( Figure S6 ). Furthermore, this strategy was repeated by using 0.01 Å steps in the H-O distance range from 1.35 to 1.45 Å, the critical range in which the hydrogen transfer occurs. Such analysis afforded energy curves for the reaction coordinate connecting minima I and III and an estimation of the transition state structure (TS1), which shows a d O-H distance of 1.40 Å. A frequency calculation on this structure shows a unique negative frequency with an associated eigenvector fully consistent with the hydrogen transfer process. 
